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ABSTRACT
In the evaluation of conventional photographic imaging
systems the non-linearity of the macroscopic curve can easily
be dealt with by examining the "effective
exposure"
rather than
expressing the density or transmittance. Dealing with the non-
linearities on a microscopic level, however, is very difficult
since they result from development adjacency effects. A tool was
made using a
"V-shaped"
groove design by G.W. Schumann which
consists of a series of microscopic linear density wedges. The
density wedges were made by filling V-cut grooves in a high quality
acrylic plastic with a carbon-epoxy dispersion. The density wedges
have been produced at the frequencies of 0.98. cy/mm and 0.57 cy/mm.
These wedges have effective diffuse density ranges between 0.21
and 1.18. Their density gradient has been varied from .28 to
2.58 density units per mm.
The wedges were then tested for their practicality for use
in image evaluation. It was found that the characteristic curve
for a small image area with a low surrounding density is higher
in contrast and shifted to a higher speed when compared to a con
ventionally produced curve. When the micro scale density wedges
were imaged with a high surrounding density, the results were not
significantly different from those obtained
with the conventional
step wedge.
There are several drawbacks attributed to the V-groove design
that are discussed. The results from the practical application
tests, however, suggest that there is significant merit for the
VI.
micro scale wedges for use in the study of chemical adjacency
effects. The micro-scale continuous density wedges are found to
present a new concept to sensitometry where the characteristic
curve can be related to some of the adjacency effects encountered
in specific applications.
INTRODUCTION
The methods for dealing with the problems of microsensitometry
are less well developed than the methods found in conventional
(macro) sensitometry. The problems encountered tend to be more
severe and thus many special techniques are necessary for
es-
posure, measurement, and data analysis. The rendition of small
details is examined by considering the similarities or differences
between the object and the photographically recorded image. The
importance of improvement in the rendition of fine detail and
increases in the quality of stored information per unit area, has
sparked interest in theoretical and experimental aspects of image
2
reproduction.
The photographic emulsion layer can be looked at as a diffusing
medium. The grains of the emulsion, to some extent, scatter the
incident light which it recieves. The scattering distribution
due to this optical effect is referred to as a component of the
spread function of the film. This effect, along with those assoc
iated with the development of silver halide, the chemical spread
function,
'
help give an accurate representation of the actual
photographic process in theoretical terms. In practice, it has been
determined that the density of a given region in the image is not
only a function of the exposure for
that region, but also relies
upon the exposure and resulting density of adjacent areas. These
effects are varied and numerous and are all termed as adjacency
effects.7
,8,9
An examination of the characteristic curve will
reveal the influence of the geometry of the image area for which
2.
the density is determined, as shown in Figure 1.
Conventional sensitometry involves testing the material on
a macro scale where the density of the exposing wedge ranges from
0.0 - 30 over a distance of about 100 cm. This technique is
generally acceptable for most applications, however there are
systems in which this macro scale sensitometry does not directly
apply to the exposure conditions which are used. For example, a
macro scale continuous wedge, when used to produce a sensitometric
curve does not directly relate to the micro scale dot area used
on graphic arts film.
The design of a system for the analysis of the characteristic
2
curve in a small area (less than one mm ) would present new methods
for the development of photographic technology. This technique
of micro-sensitometry would relate chemical spread to the charac
teristic curve. In order to study these effects, micro scale
continuous density wedges have been constructed that can be in
corporated to produce a more meaningful sensitometric analysis.
G.W. Schumann at the Rochester Institute of Technology had
suggested the possibility of producing a micro-density wedge to
be used as a tool in the study of photographic emulsions. Par
ticularly, involving a series of these wedges at frequencies between
1 and 10 cycles/mm. This was believed to be the area where chem
ical spreading would be most easily
detected. The design is based
on the use of a V-cut groove which is filled with a light absorbing
carbon black epoxy. Since the epoxy remains constant and homo
geneous, the flux through the medium according
to Bouguer's Law,
12 13
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0 = flux at distance x into the material
A.
jZ^n _ flux incident on the material
k = constant for the material
x = distance into the material
It follows that the density therefore is directly proportional
to the distance through the substance.
D = (0.434 k) X
The carbon filled V-cut grooves would therefore have a linear
density profile that is proportional to the
"V"
edge.
To make a wedge of this sort on a micro scale require methods
as used in the production of rulings and gratings. The net result
of a carbon suspension filled V-cut would then be two edges each
having a linear continuous density as illustrated below.
Figure 2: Density is proportional to thickness
A factor to be considered in this design is the change in
the index of refraction from the base containing the grooves
to the carbon epoxy suspension used for
filling. Identical
indices will not create a bend in the optical path through the
interface. However, if one index is greater than the other,
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then the light will be refracted to a certain extent. As an
example, the following diagram explains the amount of refraction









Figure 3* Refraction through wedge
By contact exposing the above wedge onto photographic film
this refraction would create overlapping exposures at point B
and very low exposures at points A and C. This, however will
only introduce errors at these points and would not effect the
linearity of the densities across the remainder of the wedge.
6.
II. EXPERIMENTAL
A. Production Of Wedges
The production of a micro scale continuous density wedge
has been accomplished by using the relationship of Bouguer's Law
which states that the density is proportional to the thickness
of the absorbing medium. In order to incorporate this law it
was necessary to make a linearly sloping edge which could be
covered with a dye material and therefore produce a density that
is proportional to the slope of the gradient.
The technique used to create a sloping edge with a length
of only 1 millimeter or less was to make a V-shaped groove into
the appropriate material. The V was then filled with a carbon-
monomer combination that would follow the Bouguer's relationship
and produce linearly increasing density on each side of the V-groove.
A series of these grooves would be more valuable toward the
evaluation of chemical spreading, so the V-forms were given a
series of grooves.
The technique of producing a V-shaped form in a clear base
was very critical in order to insure uniformity of the density
gradient. The first method used was to grind a set of V-grooves
into a solid steel block. Each groove had a
90
V-angle and a
total width of 1 mm. The steel block was
"
x 3". Therefore




Figure 4: Sketch of steel master
7.
This master has been made in the machine shop at Triplett Corp.
by the following procedure. A three inch length of i inch wide
polished steel was mounted onto the vertical grinder which had
a Carborundum 220 wheel with a
90
cutting angle. A series of
passes were made to cut down each groove to a depth of 0.6 mm and
then the stage was moved forward by a total of 1.02 mm for the
next groove. This was continued across the entire 3 inch length
of the steel for a total of 75 grooves. Next, the grinding wheel
was redressed to have a
90
angle, and the was repeated
to cut the grooves down by another 0.12 mm. Finally, the wheel
was redressed and set so that it would clean up each of the
grooves by polishing off only about 0.012 mm. This master set
of grooves was examined under the microscope and determined to
be surprisingly uniform between the individual grooves. It was
noticed however that the edges of the V-cuts had a slightly rough
texture. A diamond rubbing compound was used to try to polish
the grooves, however it was not successful. It was then decided
that the slight grinding marks would have to be
accepted as a
possible source of noise in the final density wedge. Finally,
the steel master was sprayed with a silicone rust inhibitor to
protect the steel surface.
Once the master had been machined, the next step was to
determine the best method for making a replica of the V-grooves.
The originally proposed idea of using
a casting resin to fill
and harden in the shape of the master was first
tried with many
different types of casting resins on an
extra piece of steel. All
of the clear resins were different forms of
an acrylic polyester (AP)
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base and all of them behaved in the same manner. It was found
that all the resins would stick to the steel. Another difficulty
encountered with this casting technique was that the hardened
resin had an inferior optical quality. They became rather cloudy
when required to dry in such a thin layer. Also it was very hard
to remove all the bubbles from the resin before it would harden.
In view of these difficulties encountered with the AP casting
resins an alternative method was considered which would incorporate
the use of a higher quality acrylic material. A i inch thick
sheet of plexiglass was obtained and prelimenary tests were run
to determine whether it could be heated to become soft enough for
compression molding. The results were favorable, so the technique




pieces, the same size as the steel master. Both the plexiglass
and the master were heated in an oven for ten minutes at
400
F.
The softened plexiglass was then sandwiched between a stainless
steel surface and the steel master. Two vise-grips were used to
provide simultaneous pressure at both ends in order to compress
the V-grooves into the warm plexiglass. The jaw width of the vise-
grips was adjusted so that the plexiglass would be squeezed to a
thickness of 1/8 inch including the grooves. The excess acrylic
which had been squeezed out from around the edges was trimmed off
and the plexiglass was allowed to cool while still under pressure.
Finally, the clear acrylic replica was removed from the steel
V-
groove master and it was cleaned and polished on the buffing wheel
available in the School of American Craftsmen.
9.
Examination of these plexiglass replicas under the microscope
showed that the majority of the grooves were near perfect replicas
of the steel master. The only difference between the original and
the replica was that the edges were just slightly more rounded
which was probably caused by shrinkage when cooling.
In the search for a technique or material to be used to make
a higher frequency, contacts were made with Fresnel Optics Inc. of
Rochester. Through a series of meetings with the dompany directors
the concepts of this project were discussed. Fresnel Optics manu
factures various types of acrylic plastic materials with a number
of different kinds of grooves in them. To make these materials,
such as fresnel lenses, the grooves are cut with a diamond in a
high quality aluminum plate. Then, by injection molding of acrylic
plastic, the finished product is made. Of immediate interest was
a sample which contained V-shaped grooves similar to the proposed
design for micro scale continuous density sedges. The grooves have
an included angle of
120
and a frequency of 0.57 grooves per mm.
Examination of this material under the microscope showed a very
high quality and uniform series of grooves. The
plexiglas molds
which had been made previously, due to their inferior quality,
were then replaced by the new material for further use in the ex
perimental stages of this project. This 6x6 inch precision
molded acrylic obtained from Fresnel Optics was cut into
i"
wide
samples with the grooves running perpendicular to their
li"
length.
The next stage of the project was . to find a suitable dye and
suspension system which could be used to fill the V-shaped grooves
10.
and therefore produce the linearly increasing density across the
sloping edge of the groove. The acrylic polyester casting resins
were first tested with a lamp black powder to determine the
hardening characteristics as well as the final optical quality.
It was found that the black powder could not be ground to a fine
enough particle size to prevent specks from appearing in the final
material.
Therefore three carbon black dispersions were pbtained. The
first was Aqua Black, a water based dispersion from Borden Co.,
the second and third were made by Cdi Dispersions Inc. with mediums
of diethylene glycol and 1,3 butylene glycol. Neither of these
were compatible with any of the casting resins. When mixed they
would remain separate and could not be made to produce a homogeneous
mixture .
Other monomers were investigated to find the best material
for the uniform suspension of a carbon black mixture. In this
search several clear drying cements and glues were tried without
success. They either would shrink during drying or they were not
optically clear. Finally, a five-minute
two-part epoxy, made by
Duro Corp. was investigated. It was found that the 1,3 butylene
glycol suspension of carbon black mixed quite easily with the
hardener component of the epoxy. Then an equal amount of the resin
component was added and the mixture was allowed to harden. At
first it appeared that this combination would work very well,
however, under microscope magnification
of 30x these samples
appeared to have several kinds of dark specks which were either
dirt particles or a coagulation of carbon
particles. Also, there
11.
were many bubbles and defects in the hardened mixture.
Therefore, more types of carbon and dyes were investigated.
Two forms of nigrosine dye were tested with the epoxy. One which
would accept a water base and the other for an organic base. Both
of these compounds were found to be incompatible with the epoxy since
they tended to remain in large particles and would not mix evenly
into either part of the epoxy material.
Another idea was to mold the V-grooves with a -piece of black
plexiglass. This way the light-absorbing pigments would be in
the plexiglass rather than suspended in a monomer which would fill
the grooves. Several kinds of dark plexiglass were tried, however
the results were not favorable. The process was very restricted
in that there was no control over the density of the carbon filled
plexiglass. The plexiglass types commercially available did not
produce the required densities when compressed to thin molds. The
dark plexiglass also was found to be much more brittle than the
clear acrylic.
Once again the epoxy mixture with the 1,3 butylene glycol
suspension of carbon black was tried, only this time the components
of the epoxy were warmed first which made
them thin out. As a
result the bubbles were freed and immediately a major proportion
of the defects had been eliminated. However, the increase in
temperature also brought with it a decrease in the curing time.
The five-minute epoxy would now harden
in less than 45 seconds
after the mixing of the two
components. This created difficulty
in obtaining a uniform mixture.
12.
An amount of gelatin crystals were obtained from E.I. duPont
de Nemours Co., Inc. so that a 10f gelatin mixture could be eval
uated for use in filling the grooves. To make a mixture of carbon
black and gelatin an aqueous dispersion of carbon black (Aqua Black)
was added to 500 ml of water at
150
F. The gelatin crystals were
then added (50 g) to the water and mixed. As a hardener, 6 ml of
formaldehyde was added to the solution. This method yeilded a high
quality carbon dispersed gelatin mixture, however the gelatin shrinks
when it dries beyond the point of where it would be useful for the
microscopic wedges.
As the search for different types of carbon and suspension
materials continued, two more materials were tried with relative
success. First, another brand of the two-part epoxy, commercially
available as Foxy Poxy, was located which had a recommended drying
time of one hour. After warming and mixing this epoxy, it would
take about 90 seconds before starting to harden. Because of this
extended time period the uniformity of mixing increased significantly,
Also this new epoxy dried without yellowing and was even more rigid
than the previous brand, which meant that it would release easily
from most any smooth surface.
In continuing attempts at various ways of dispersing carbon
in the epoxy, a method of manufacturing carbon black was devised.
Carbon black is essentially made by vapor phase decomposition
of hydrocarbons by various means. By holding a microscope slide,
with epoxy hardener or resin on it, briefly
over a candle flame
and then mixing, a good mixture of the carbon was
obtained. Since
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the particle size of the carbon is related to the simplicity of
the hydrocarbon structure, a butane lighter was also used in the
same manner. Many kinds of non-flammable monomers were tested
with this butane flame. Included in these were clear Household
Cement, Plastic Mender, and casting resins. This method seemed
to work out very well except for a few drawbacks. The first is
that the carbon must be allowed to collect directly on the surface
of the epoxy otherwise it can easily aggregate. Since this means
that the epoxy must be held over the flame there were also prob
lems with burning the epoxy which would cause some large particles
to be caught in the mixture. The final noticed drawback is a lack
of control in the exact amount of carbon which is dispersed into
the epoxy.
Since there were so many drawbacks in the latter method,
work on improving the solvent based dispersion method was furthered.
It was then found, that if the dispersion was mixed with the hardener,
and then allowed to set on the warmer for 15-20 minutes and then
mixed with the resin the quality of the final mixture would be
increased. This was attributed to the evaporation of the solvent
in the dispersion and the hardener would thus mix well with the
resin. Analysis under the microscope yielded no visible specks
except for bubbles and dirt in the epoxy when using this method.
In an attempt to remove bubbles from the epoxy mixture before
it hardened, a vacuum desiccator was obtained. The resin and
hardener components were first mixed together and then placed in
the desiccator. A vacuum pump was used to lower the air pressure
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within the chamber. This method, however, did not work since the
technique produced an increase in the number of bubbles. This was
most likely due to the lower pressure atmosphere removing gases
from within the epoxy and becoming entrapped in pockets to produce
visible bubbles.
In order to get the desired micro-scale continuous density
the epoxy-carbon mixture had to be uniformly hardened into the
V-grooves of the clear acrylic forms. Since these .micro wedges
were intended for contact exposures, it was necessary that there
be no physical spacer such as glass between the wedge and receiving
material. Therefore the epoxy mixture had to be squeezed into the
grooves by some flat surface which could be removed after the epoxy
had hardened. Several smooth materials such. as teflon and polished
steel were first tried without success. Also a silicone release
agent was tried, but the epoxy still would adhere to this smooth
surface making it impossible to be removed. Finally,
plexiglass
which had been polished with a Johnson & Johnson finishing wax was
tried. After the epoxy had hardened into the grooves,
the micro
wedge samples were then easily removed from the flat plexiglass
surface in one piece. This technique of filling the V-shaped grooves
was tried with both the Fresnel injection molded
acrylic and the
compression molded samples. The heating of the epoxy before mixing
had eliminated most of the bubbles, but there were
still defects
that ranged in size from 5-25 microns. Therefore the technique
had to be refined in order to create
defect-free continuous density
wedges. as follows.
In order to prevent any dirt or dust contamination, the entire
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room is first washed down, including all bench surfaces and floor
area. Next a standard batch of epoxy hardener and carbon dispersion
have been mixed together. The hardener was chosen because it was
more compatible with the 1,3 butylene glycol solvent. This mixture
was stored in a closed container and allowed to disperse evenly.
When ready for use, that is after the room was perfectly clean and
production equipment was ready, one drop of the carbon-hardener
mixture was added to two drops of fresh hardener. Ihis was done to
thin out the carbon in order to regulate the final resulting density.
This mixture was then placed on a microscope slide and put on a
Corning hot plate for 15 minutes. The warm temperature of the plate
not only allowed the epoxy to thin out and free the bubbles in it,
but also it allowed for evaporation of the carbon solvent. While
both parts of the epoxy were warming up a surface of plexiglass was
prepared by polishing it with an automotive wax, Turtle Wax, which
had been found to act as an excellent release agent. After every
thing was ready the two equal parts of epoxy were mixed together
for 90 seconds. Care was taken to insure that the mixture was free
from bubbles and that it was uniformly mixed. Next, a thin layer
of this carbon impregnated epoxy was placed on the pre-waxed plexi
glass surface and then a V-groove form was pressed into the epoxy.
Even pressure was applied so that the epoxy would completely fill
the grooves. When it had hardened overnight, the epoxy and mold
combination was removed from the smooth plexiglass surface.
This technique was used to make a series of wedges having
different density ranges at both
frequencies of 1 cy/mm and 0.57 cy/mm,
These wedges were then examined for optical quality. In order for
16.
the wedges to meet our
"acceptable"
standard it was required to
have at least one scan path perpendicular to the grooves which
was free from any 5 micron or larger defect. Using the above
technique a series of wedges were produced, each having a different
density range. Index marks were etched onto the wedges so that
the same defect-free path would be scanned each time the wedges
are used.
17.
B. Evaluation and Testing
Once the wedges had been made it was then necessary to get
a measure of the density across the wedge to determine whether
they were indeed linear and obtain a value for the total density
range of each. The easiest method for this would be to scan the
wedge on the microdensitometer, however, there are several problems
associated with this method. First, the index of refraction for
the epoxy mixture is different from that of the plexiglass or
acrylic mold. Therefore the optical axis is bent differently for
each side of the V-groove interface. If set up and scanned in the
microdensitometer, the optical axis would be bent away from the
scanning slit. This could be compensated for by increasing the
size of the pre-slit, however it would introduce more flare into
the system. Another problem is that the geometry of the micro
densitometer results in a specular density measurement rather
than a diffuse density value. Since the wedges are to be used as
contact exposing devices, it is more practical to evaluate their
density with a diffuse measurement rather than a
specular value.
Focusing of the microdensitometer would also
be a source of error
in this type of evaluation. The wedges are at least 1 mm in depth
and therefore are larger than the depth of
field for the micro
densitometer. This causes only one thickness
level of the wedge
to be in focus. It is very hard to consistantly
focus at the
same thickness level for each of the wedges,
and therefore scans
of the same wedge would give
different results according to focus
positions.
Instead of a direct measurement with the microdensitometer,
18.
another technique was used to determine the effective density of
the wedges. This technique produces a better measure of the dif
fuse density by collecting all of the transmitted light from a
contact exposure with a photographic film. This method uses the
film as a radiometer to determine the effective density of the
wedge. By imaging both a step tablet and the wedges on Dupont
Computer Output Microfilm SR-150, the image density of the wedge
exposure can be related through the characteristic curve to deter
mine the effective log exposure and therefore effective density
range of the wedge (See Figure 5 ) .
Contact exposures of a Kodak No. 2 step tablet and the
micro-
scale wedge samples were made onto the microfilm using the point
source in research darkroom R-20. The illuminance at the exposing
plane was set-up at 28.5 lux with an exposure time of 2.0 seconds.
In order to give only one exposure for both the step tablet and
the wedges a neutral density of 1.3 was needed to get the wedge
exposure onto the straight line portion of the characteristic curve.
The step tablet and wedges were held down on the film by using glass
to insure close contact.
After the exposures had been made the Dupont microfilm was
developed in D-19 diluted 1:3 for 2i minutes using R.I.T. tray rock
agitation. The remainder of the processing schedule included a
stop bath, fix, rinse, and dry as recommended by the manufacturer.
Next the images were scanned on the Ansco Microdensitometer
using a 5 x 150 micron effective aperture. First the step
tablet
images were scanned and the characteristic curve was plotted. Then
19.
Microdensitometer Scan
of the wedre imarre .







the image of the micro scale continuous wedge was scanned. Each
of the wedge image densities were related back through the previously
determined characteristic curve to find the effective log exposure
needed for each image density. Finally, the wedge density range
as well as the linearity was calculated.
Practical application tests were designed to determine whether
the micrc-scale density wedges could be effectively used to measure
chemical spread characteristics of a film and developer combination.
The tests consisted of an exposure time series and an evaluation
of surrounding density effects that would occur during development.
The surrounding area test consisted of making contact exposures
using the point source for illumination of the micro-wedges onto
Kodak Plus-X Pan film. A mask with a 1 mm slit was aligned per
pendicular to the V-cut grooves so that the resulting exposure would
result in the wedge to be imaged adjacent to a non-exposed surrounding
area. To obtain an exposure of the wedges adjacent to a highly
exposed area a 0.9 mm strip was used as a mask and an overall ex
posure was made to produce maximum density. The mask was then
removed and the wedge was exposed in the unexposed strip area. An
exposure was then made using only the micro wedge
without a mask.
The Plus-X was then processed using a high acutance developer
(Ethol TEC) according to the manufacturer's
recommendations. Stan
dard R.I.T. tray rock agitation procedures
were utilized for the
developer stage,. This developer had been chosen
since it would
be most likely to produce detectable adjacency
effects. An exam
ination of the development effects upon the
"micro-scale"
21.
characteristic curve with high and low density surrounding areas
was accomplished by a careful study of the scans produced on the
Ansco Microdensitometer.
The exposure time series test utilized the Plus-X film and
high acutance developer to produce a comparison study of the charac
teristic curve produced using a Kodak No. 2 step tablet and the
curve produced using the microscopic density wedges. Wedge #1 was
contact exposed onto the film us.ing an exposure time series of 2,
4, 8, 16, 32, and 64 seconds. By using this method the full range
of exposure that could be recorded by the film's characteristic
curve was obtained. The time series had become necessary since
the wedge has an effective log exposure range of 0.70 as compared
to the 2.5 log exposure latitude of the film.
The high and low adjacent density test and the wedge time series
were also carried out using 3M DSG Lithographic film and its com
patible 3M developer and processing. The methods previously des
cribed were used for this film except for the image evaluations
which were done. Since the film is of very high contrast it was
not scanned on the microdensitometer like the Plus-X. For each
of the evaluations, the samples were placed on a Bausch and Lomb
measuring microscope and the width of the clear bars on the image
was measured. This clear area is the area where the exposure was
not enough for the film to record it.
The exposure time series done on each product above produced
enough information to plot the entire micro characteristic curve.
For the Plus-X film, a significant difference between the micro
characteristic curve and the macro curve would indicate some effects
22.
of the chemical spread function within the system. For the litho
graphic film, a chemically unaffected system would result in a bar
width which is proportional to the exposure time along with the
density gradient of the wedge. A width of the bar not proportional
to these parameters would indicate that the effects would be caused




A. Production of Wedges
The first characteristic of the micro-scale density wedges
which had to be evaluated was the linearity of the continuous
density increase. Using the contact and exposure methods described
previously the resulting images were related back through the
characteristic curve of the DuPont Microfilm to determine the effec
tive diffuse density of the wedges with respect to position.
Except for the noise produced by dust or dirt within the wedges,
each sample was found to have a uniform series of V-shaped wedges
with a consistent density range and slope for each. The micro
densitometer trace in Figure 6 is an example of the uniformity
obtained. Each of the traces were used for the wedge evaluation
and the density profile of the wedges were plotted as in Figures 7
and 8. For simplicity, the wedges in Figure 8 were not plotted
with the spikes as shown in Figure 7 These spikes had been ex
pected since the index of refraction for the plexiglas and epoxy
were not equal. The bending of exposing light at each of the
plexiglas-epoxy interfaces is explained in the introduction and
was found to hold true through experimental examination. The
somewhat rounded extremes of the linear slopes as seen on the plots
would possibly be due to physical
curvatures from the production
stages of the V-grooves. This physical rounding of the grooves
would then be translated to a density curvature when the grooves
were filled with the carbon-epoxy combination. Therefore, a dis
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y Microdensitometer Trace
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Figure 7 Wedge Density Profile (Wedge #1)






































Iiii ^ ;V\ f,fi
; : : :







a j : 1 V IAIs-o^e 4




























^V4_ . i j
































' l ! ; : , . . "
::.:|:::-
.
Figure 8: Wedge Density Profile (Wedges 2,3,4,10)
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of the wedges was disregarded for application testing due to the
non-linearities.
The density profile for each of the wedges was used to determine
both the total density range and the density gradient (expressed
in density/mm) . The values that were obtained for each of the
wedges are listed in Table #1. The amount of noise that was found
along the density wedges has given reason to caution any further
productions of micro-scale wedges because of the dirt, dust, and
bubbles that should be carefully controlled.
B. RESULTS - Application Tests
The tests that were used for applications of the continuous
density wedges were used to determine whether the wedge might be
an effective tool in simplifying measurement of chemical spread
effects that occur during development. For the Plus-X film and
high acutance developer used in these tests, the adjacent high and
low density surrounding areas caused a slight effect in the sensi
tometric characteristics.
The major change that occured with this test was found with
the image of wedge with the low surrounding density. In this case
the characteristic curve was found to be stop faster and higher in
contrast than the curve produced from a reference wedge exposure
as shown in Figure 9. This can be explained by the fact that in
the low surrounding density the developer was not being oxidized
and therefore an abundant supply of fresh developer would then
provide for an increase in the rate of development to some degree
in the image area. When a high density surrounding area is used,
27.
Wedge # Frequency (C/mm) Dm in Dmax Range Slope (Density/mm)
1 0.57 0.12 0.90 0.78 1.04
2 0.57 0.12 0.61 0.49 0.64
3 0.57 0.18 1.10 0.92 1.20
4 0.57 0.22 0.80 0.58 0.79
5 0.57 0.22 0.43 0.21 0.28
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Figure '9$ High and Low Surround Density
for. Plus-X Micro-wedge exposure.
29.
this fresh developer is not available. Instead the image devel
opment or characteristic curve would be retarded because of the
large amount of oxidized developer. It can be seen from Figure 9
however that this effect is not as significant a change as is the
low surround density test. From this test it can be seen that
to get maximum development activity of a micro-scale wedge exposure
on Plus-X it is necessary that there is no development action
occuring within the adjacent areas.
The next test was an exposure time series to determine how
the micro-scale characteristic curve compares to the conventional
macro-scale curve for Kodak Plus-X film. An exposure time series
was required because the density of the wedge was not large enough
to cover the full latitude of the film. Wedge No. 1 was exposed at
various levels
so'
that the entire characteristic curve of the film
could be obtained. The time series exposures were processed and
scanned on the microdensitometer and plotted in Figure 10. The
curve produced using a Kodak No. 2 step tablet is also plotted on
this graph to illustrate the comparison between the curves produced
by each method. As can be seen, there appears to be no significant
difference between the macro-scale curve and the micro-scale curve
at this wedge frequency of .57 cy/mm.
The results for this test are seen to agree with the high and
low density surround test in that it
required a very low surround
density to alter the characteristic
curve. In order to get a low
surround density, the 1.0 mm slit would have been used. Instead,
the entire wedge was used without the slit
and the adjacent devel
opment activity created a micro
characteristic curve that was nearly
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the same as the macro-characteristic curve. A wedge of a higher
frequency than what was used for this test would probably show
some interesting effects upon the shape of the characteristic curve
produced.
Very interesting results were found when the micro-scale
continuous wedges were used to make exposure onto the 3M litho
graphic film. Images of wedge #1 having high and low surrounding
densities were produced using the same methods as thbse for exposing
the Plus-X. Figure 11 shows the images that were produced at an
enlargement of 37x on B&W Polaroid film. As can be seen in the
photographs, the width of the non-developed areas has changed
although the same exposures were given for each. In the case where
there is a high density surround the area produces a high degree
of development by-products, which inhibit the development of the
wedge exposure. The wide white bars of 1.130 mm in the illustration
show how the development was hindered by the surround. In the case
where the surrounding area was of very low density the exposed
areas have developed more as compared to the standard wedge exposure
and the high surrounding density exposure. This increase of devel
opment can be seen by the decrease of the clear bar width on the
developed image .
The exposure time series for the lithographic film was the
final practical application test for the wedges. Because of the
extremely high gamma
of the lith material the image of the micro
scopic density wedges appears as a
square wave response. As the




















proportional to the density gradient of the wedge. A complete
exposure time series, incremented by .3 log exposure units,
would then produce a series of bars having proportionally
increasing width. Any deviation from a linear relationship would
indicate that the width of the bars interacting with the develop
ment activity will effect the characteristic curve. Values of
the width of each of the clear bar images as produced by wedges #1,
.
#3, and #10, were found for each level of exposure given to the
film. The linear plots in Figure 12 show how the film responds
to the slope of the wedges which are used for the exposure. As
seen, for all the wedges the width of the bars is directly pro
portional to the log exposure for bar widths between 0.3 and 1.6 mm.
This suggests that the chemical adjacency effects are not significant
enough to create a change in the bar width at the frequencies in
vestigated. The final condition was to evaluate these results for
consistency between the wedges used. The results from each were
compared by normalizing each of the linear relationships by the
density gradient of the exposing wedge. In order to do this, the
slope of the bar width versus log exposure relationship was mul
tiplied by the individual wedge density gradient. For each of the
wedges the resulting normalized slope of the
image width vs. log
exposure was 1.33 - .05. This indicates that for the bar widths
examined that each wedge used gave consistent results in the lack
of any ability to measure
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In this experiment, micro scale continuous density wedges
have been produced at two frequencies of 1 cy/mm and .57 cy/mm.
These wedges were made by filling the V-shaped grooves of a clear
acrylic form with a carbon-epoxy mixture. The density across these
wedges is therefore theoretically proportional to ttfe thickness
through the carbon filled groove. A considerable amount of noise
was found when the wedges where examined and can be attributed to
several causes. First, the epoxy filler in the grooves is easily
susceptible to defects such as bubbles and contamination. Even
though the technique of production has been refined, it is still
difficult to obtain a clean bubble-free wedge. A second cause for
density noise in the wedges is due to the difference in refraction
indices between the acrylic V-groove form and the carbon-epoxy
mixture which filled these grooves. The bending of the light between
this interface has resulted in a density spike at the maximum and
minimum of the density profile. Another reason was found by exam
ination of the acrylic plastic under the microscope. Minor defects
were found in the V-grooves that are attributed to the mold cutting
process. Some of these defects looked as if they were scratches
within the V-cut. Also, the grooves did not have a sharp cut at
the bottom of the V-shape. Instead there was a rounded profile
which then lead to a curvature on the peak of the density profile.
Inspite of these drawbacks from the problems of density noise, the
36.
micro-scale wedges were produced and then used in a set of
practical application tests.
The results from these tests, using the micro-scale continuous
density wedges, suggest that there is significant merit for such
an item to be used for the study of chemical adjacency effects.
Conventional sensitometry involves a large area exposure which is
unaffected by the development activity of the adjacent areas. These
micro-scale continuous density wedges present a new concept in
sensitometry where the characteristic curve can be related to
some of the adjacency effects encountered. In this experiment,
the most significant changes occurred when the wedges were adjacent
to a low density surrounding area. With both the lithographic film
and the Plus-X Pan, this effect was seen to be even greater than
that occurring with the high surround density. For the Plus-X
film there was no detectable difference between the high density
surround and the macro characteristic curve. This indicates that
the presence of development activity in the surrounding area is
what makes the macro curve insensitive to adjacency effects. The
test with the low density surround, however, produced micro-scale
characteristic curves that are different from the macro curve.
This suggests that the lack of surrounding development activity
can promote development in the image area. It would be very
interesting to determine if similar results would occur
when using
a conventional density wedge to expose a 1 mm wide strip of film.
This would simulate the procedures of having no development activity
surrounding a particular area
of interest.
37.
The exposure time series for the lithographic film was intended
to give an image bar width which was dependent ,only upon the ex
posure time. Any deviation would indicate that the size of the
bar width has effected the amount of infectious development and
therefore produced a non-linear relationship between bar width and
exposure time. The width of the bars in this test were between
0.3 mm and 1.6 mm and the effects from non-linear infectious develop-
*
ment were not seen. It is felt that the size of wedges used in
these tests was too large and therefore the tests could not detect
a measureable growth or retardation of the bar width caused by
this development adjacency effect. A wedge frequency between 5
and 10 cy/mm would probably be more sensitive for the effects of
infectious development. The .57 cy/mm and 1 cy/mm wedges were used
in this project because of the limitations involved with producing
higher frequencies and because of the availability of the Fresnel
acrylic V-forms.
A direct change between micro and macro characteristic curves
was not seen when the entire wedge was used. However, when the
mask was used to give high and low surround densities, the micro-
scale characteristic curve was found to change according to the
amount of development activity occurring in the immediate area.
All of the results, therefore have indicated that the chemical
spreading which occurs during development is related only to the
surrounding density and not to the amount of development activity
within the image itself. It is believed that a higher wedge
frequency would also place these evaluations in a region where
38.
the chemical spreading from within the image would effect the
characteristic curve.
Recommendations for Further Work
Another method for the production of a micro scale wedge
was considered in the original proposal for this project. In
view of the drawbacks enountered with the V-groove design, it
is recommended that another method should be used wnich could
easily produce higher frequencies. This process would use a
technique similar to that for making sinusoidal transmittance
patterns. A cylindrical lens with an appropriate target could
be set up so that the one dimensional illuminance function would
produce a linear density relationship according to distance.
This then involves the exposure of a photographic material on
the straight line portion of the characteristic curve to result
in a linearly increasing density image. The frequency of the
wedges would be determined by the amount of reduction from the
cylindrical lens imaging system. This optical method, therefore
could be incorporated to produce a set of micro-scale continuous
density wedges having a range of frequencies which would include
5cy/mm and 10 cy/mm.
Another important consideration in the wedge production is
the actual geometry of the wedge density profile. The method
applied in this report uses the V-groove to examine various film
and developer effects. These results could possibly be enhanced
or degraded by other geometry profiles such as a saw-tooth shape,
39.
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APPENDIX
The following is a partial list of the various products









Fibre Glass- Evercoat Co., Inc.
Cdi Dispersions, Inc.













Crystal Clear Casting Resin
Carbon Dispersions
Photographic Gelatin
